Experimental section

Fabrication of the MgAl-LDH/Sep membranes
Firstly, The Sep and MgAl-LDH were dissolved in ultrapure water to make a 0.6g/L and 0.5g/L suspension, respectively. Secondly, under continuous stirring, the mixtures were dispersed uniformly by sonicating for 30 min. Finally, the samples were filtered onto the surface of substrate in vacuum one by one to form the hierarchical structure membrane. 
Oil-water emulsion separation and cycling test
The separation process was carried out on a vacuum apparatus. The O/W emulsion were poured onto the membranes and separated under vacuum filtrating.
The cycling test corresponded to the anti-fouling ability of the membrane. For each separation cycle, 20 mL of an O/W emulsion was permeated through the membrane under a pressure of 0.1 MPa. The filtrate water was collected and the separation efficiency for each emulsion was calculated by TOC.
Dye removal experiments
In this process, CR and MB as ionic dye were applied severally. Dye removal tests were performed through a filtration system with an effective membrane area of 12.566 cm 2 . In detail, 20 mL of synthetic dye solution with diverse concentration was filtered, and then flux and rejection were determined using the equations of (1) and (2). Spectrophotometric measurement was used to obtain the dye concentration at 496 nm and 664 nm (UV-Vis spectrophotometer (UV-762 (Shanghai precision scientific instrument co.))). In addition, to exclude the randomness of the experiment and study the flux stability and pollution resistant capacity of all membranes, each experiment was conducted three times at 1.0 MPa. Furthermore, two dye solutions including 100, 200, 300 mg/mL CR and 10, 20, 30 mg/mL MB were tested on the membrane as anionic and cationic dyes, respectively. Figure S4 . Underwater oil contact angle Figure S5 . UV-visible absorption spectra Figure S6 .The photographs of the membrane in the water for 30 days (Since the color of the MgAl-LDH/Sep membranes is light yellow and difficult to observe, the membrane is dyed with a small amount of dye for easy observation.)
